Excessive alcohol consumption can cause serious hepatic injury which is associated with oxidative stress and fatty metabolic disturbance. Patchouli oil (PO) is a sort of food supplement with high medicinal value in hepatoprotection, but its ability against ethanol-induced liver failure has not been demonstrated. Thus, this study aimed to investigate the potential hepatoprotection of PO through an ethanol-induced hepatotoxicity rat model. Our results showed that PO pretreatment could dramatically decrease the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) in serum, paralleled by an improvement of histopathology alterations.
Introduction
Alcoholic liver injury (ALI) refers to liver disorders caused by long-term or large consumption of alcohol, which include alcoholic fatty liver, hepatitis, hepatic brosis and cirrhosis. 1 With the increasing living and mental pressure, alcohol abuse prevails leading to high morbidity and even mortality rate of ALI.
2 Hence, it is necessary to develop an effective agent to prevent the deterioration of ALI. Actually, some progresses have been made on the pathogenesis of ALI, but researches on specic medicine still remain stagnant.
ALI is a complex process mediated through some pathological mechanisms such as oxidative stress, lipid disorders, inammatory response and apoptotic reaction, amongst which oxidative stress and abnormal lipid metabolism rank rst for ALI occurrence. 3, 4 The interplay between oxidative stress and steatosis in ethanol-induced liver failure has been discussed by multiple researchers. 5, 6 Alcohol intake activates the activity of hepatic cytochrome P450 2E1(CYP2E1) that accelerates the alcohol oxidation and acetaldehyde accumulation. 7 The interaction between acetaldehyde, proteins and lipids can lead to massive reactive oxygen species (ROS) formation and severe cell damage, and cause hepatic oxidative stress. 8 It is reported that ROS are able to induce lipid metabolic disturbance by downregulating adenosine monophosphate-activated protein kinase (AMPK). 9 AMPK can directly affect the expression of peroxisome proliferator-activated receptor alpha (PPARa) and carnitine palmitoyltransferase-1 (CPT-1), protecting liver from lipidosis. 10 However, increased ROS might also trigger inammatory response, initiating the nuclear factor kappa B (NF-kB) signaling pathway, 11, 12 and then producing various inamma-tory mediators like tumor necrosis factor alpha (TNF-a). [13] [14] [15] The release of TNF-a may stimulate the maturation of the sterol regulatory element binding protein-1c (SREBP-1c) and its downstream fatty acid synthase (FAS) as well as stearoyl-CoA desaturase 1 (SCD-1) in hepatocytes, indicating the initiation of lipometabolic disturbance. 16, 17 Therefore, it is of importance to develop effective therapies for ALI.
Herbal medicines have drawn much attention as an alternative treatment regimen to inhibit the progress of ALI owing to their plentiful resource, multi-targets and relatively wide range of safety. 18 Pogostemon cablin (Blanco) Benth (Labiatae), a traditional Chinese herb with aromatic characteristic, is cultivated in Asia extensively, and is always used for the treatment of vomiting, inuenza, exogenous fever, gastrointestinal disease and liver stagnation. 19, 20 Patchouli oil (PO) is the extractive from the dry leaves of Pogostemon cablin. 21 PO nowadays is widely applied as an additive in health products industry and food industry.
22
PO contains various bioactive substances and exerts biological activities of anti-oxidation, anti-inammation and multipleorgan protection. 23, 24 In our previous research, we found that PO could scavenge the overproduction of ROS free radicals, thus relieving oxidative stress and cell necrosis. 24 In addition, PO could also suppress NF-kB signaling pathway so as to decrease the release of pro-inammatory cytokines and alleviate further inammatory action. 25, 26 Recent pharmacological study has conrmed the protective effect of n-hexane extractive from Pogostemon patchouli against alcoholic liver injury. 27 However, to the best of our knowledge, few reports have illustrated the protective property of PO against ethanol-caused hepatic damage. Therefore, our current study is designed to assess whether PO exploit positive effect on hepatotoxicity induced by alcohol.
Materials and methods

Chemicals and reagents
Pachouli oil (PO) was purchased from Nanhai Zhongnan Co., Ltd. (Foshan, China; Lot 140801). PO and silymarin were dissolved in tween-80 distilled water solution (2% wt/vol). Ethanol was diluted with distill water to 65% (v/v). Primary antibodies against CYP2E1, NF-kB p65, AMPK, PPAR-a, CPT-1, SREBP-1c, FAS, SCD-1, b-actin and secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Other required materials are obtained from Sigma Co. LLC. (Guangzhou, China) with highest purity commercially available.
Components determination of PO
PO was analyzed by gas chromatography-mass spectrometry (GC-MS), on an Agilent GC 7890A/MSD5975C instrument (Agilent Technologies Co. Ltd., Santa Clara, CA, USA). Samples (2 mL) dissolved in diethyl ether (1 mL) were injected onto the HP-5MS column (30 m Â 250 mm Â 0.5 mm). The temperature program was started at 100 C. Aer keeping for 1 min, a gradient increase to 240 C at a rate of 8 C min À1 and maintained for 5 min. Since the inlet temperature reached 250 C, the helium carrier gas was used to support the pressure of 12 psi on the column with a constant ow rate of 1.3 mL min À1 . Ion source temperature for mass spectrometer was 230 C, operated in a splitless EI mode at 70 eV. The mass spectrum plot was applied using a full-scan monitoring mode with a mass scan range of m/z 35-400, and the splitting ratio was 60 : 1. The resulting peaks were identied by comparing the mass spectrums and retention index of compounds to those in the databases and values reported in the literatures. Rats in Sily and PO groups were intragastrically administrated corresponding doses of drugs (10 mL kg À1 ) once a day, while those in the NC and Model groups received an equal volume of normal saline. The doses of PO and silymarin were ascertained based on the previous investigation and our preliminary experiments. 28 Aer pretreatment for 7 consecutive days, all groups except NC group were given 65% ethanol (10 ml kg À1 ) intragastrically 29 every 12 h at 6 different time points, which has successfully established severe liver injury model. At the end of the experimental period (the 11 th day), all rats were injected with 1% pentobarbital sodium for anesthetization. Blood samples were collected for serum biochemistry tests and the livers were quickly dissected, weighed, frozen in liquid nitrogen, and then stored at À80 C for further studies.
Animals and experimental protocols
Blood biochemical studies
The blood samples were placed at room temperature for 30 min before centrifuging to obtain serum for biochemical estimations. Activities of lanine transaminase (ALT), aspartate amino transferase (AST) alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) were assayed by commercial assay kits (Nanjing, Jiancheng) following the manufacturer's protocols.
Histopathological evaluation
Part of the liver samples were separated and kept in 10% formalin for 48 h and embedded in paraffin for histopathologic examination under a light microscope (Olympus IX71, Olympus Co., Tokyo, Japan).
Analysis of glutathione (GSH), glutathione reductase (GR), glutathione disulde (GSSG), superoxide dismutase (SOD) and triglyceride (TG) level
Liver samples were homogenized in cold saline (1 : 9, w/v) before being centrifuged at 10 000 Â g for 10 min at 4 C.
Then the supernatant was acquired to measure glutathione (GSH), glutathione disulde (GSSG), glutathione reductase (GR), superoxide dismutase (SOD) and triglyceride (TG) level by using commercial assay kits (Nanjing, Jiancheng) according to standard instructions.
Measurement of tumor necrosis factor (TNF-a), reactive oxygen species (ROS) and free fatty acid (FFA) levels
Liver tissue were separated from rats and the content of tumor necrosis factor (TNF-a), reactive oxygen species (ROS) and free fatty acid (FFA) were assayed using specic ELISA kits (ImmunoWay Biotech, America) respectively according to standard instructions.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
Total RNA from liver samples were isolated using TRIzol reagent and then quantied by detecting the ratio of absorbance at 260 nm to that at 280 nm, and the purity was between 1.8 and 2.0. The level of cytochrome P450 2E1 (CYP2E1), nuclear factor-kappaB (NF-kB) p65, adenosine monophosphate-activated protein kinase (AMPK), peroxisome proliferator-activated receptor a (PPAR-a), carnitine palmitoyltransferase 1 (CPT-1), sterol regulatory element-binding protein 1 (SREBP-1c), stearoyl-CoA desaturase 1 (SCD-1), fatty acid synthase (FAS) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in each sample was measured using HiScript® II Q RT SuperMix (+gDNA wiper) and ChamQ™ SYBR® qPCR Master Mix Kit according to the standard protocol provided by the manufacturer (Vazyme Biotech, China). Primer sequences are listed in Table 1 . PCR amplication was performed as follows: predenaturation at 95 C for 30 s, followed by 40 cycles of 95 C for 10 s and 60 C for 30 s. The relative quantication of gene expression was calculated using the 2 ÀDDCq method and GAPDH acted as an internal control.
Western blotting analyses
Liver tissue were extracted from rats and homogenized in Cell Lysis Buffer in order to obtain total proteins and the concentrations were determined by Protein Assay Kit (Nanjing, Jiancheng). Equivalent protein (50-80 mg) from each sample were separated by SDS-PAGE and transferred to a PVDF membrane. Aer transfection, the membranes were blocked with 5% skimmed milk under the room temperature for 1 h and then incubated with primary antibody of 1 : 500 CYP2E1, 1 : 600 NFkB p65, 1 : 500 AMPK, 1 : 500 PPAR-a, 1 : 300 CPT-1, 1 : 500 SREBP-1c, 1 : 500 SCD-1, 1 : 1000 FAS and 1 : 1000 b-actin at 4 C overnight. Next, each membrane was washed 10 minutes for 3 times and incubated with 1 : 2000 HRP-conjugated secondary antibody for 2 h. Subsequently, the bands were visualized by ECL reagent and detected by Western Blotting Detection System (Amersham Life Science, UK). The density of each band was analyzed using Quantity One, soware.
Statistical analysis
All values are exhibited as means AE standard deviation (mean AE SD), and a value of P < 0.05 was considered statistically significant. Statistical analysis was performed using a one-way analysis of variance (ANOVA), followed by an LSD test for multiple comparisons using SPSS soware 20.0.
Results
GC-MS analysis of PO
The total ion chromatogram of PO was shown in Fig. 1 . Seven compounds with relative content above 1% were identied in patchouli oils. The retention indices and relative proportion of these eleven compounds were listed in Table 1 . As exhibited, patchouli alcohol took up the largest proportion (41.993%) in PO, followed by azulene at 23.532%. Besides, a-guaiene accounted for 15.173%. The relative contents of seychellene (7.395%), a-patchoulene (4.505%), b-patchoulene (3.968%) and globulol (3.434%) were all under 10%. 
Effect of PO on ALT, AST, ALP and LDH levels
Histopathological analysis on H&E staining
As shown in Fig. 3A , liver cells of normal group were in compact arrangement (Fig. 3A) . Central veins ran through the middle of the lobe, surrounded by hepatic cords that radiated out in all directions. However, liver tissues in Model group appeared serious granular denaturalization, fatty degeneration, inammatory inl-tration and hemorrhagic focus of hepatocytes (Fig. 3B) . In contrast, aer the administration of silymarin and PO (100, 200 and 400 mg kg
À1
), liver histopathological lesions were distinctly repaired, as evidence by the improvement of hepatocellular steatosis and the Table 1 . reduction in necrosis areas (Fig. 3C-F) . Moreover, restored hepatic structure could be seen in PO group at 400 mg kg À1 with the fewest adipose vacuole attaching.
Effect of PO on antioxidant ability and hepatic lipidosis
As shown in Fig. 4 ) dramatically elevated the levels of GSH, GR, SOD and the ratio of GSH/GSSG but reduced the content of TG (all p < 0.05). Additionally, PO at 400 mg kg À1 could almost resume the anomalous situation to normal via ascending GSH, GR, SOD, the ratio of GSH/GSSG by 56.0%, 480%, 86.7%, 280% and descending TG by 74%, respectively, comparing with Model group.
Effect of PO on ROS, TNF-a and FFA levels
Compared with NC group (Fig. 5, ( These data clearly manifested that PO could effectively protect the liver against ethanol-induced hepatotoxicity.
Effect of PO on mRNA expression of CYP2E1, NF-kB p65, SREBP-1c, SCD-1, FAS, AMPK, PPAR-a, CPT-1
As shown in Fig. 6 and 7, compared with NC group, the result of RT-qPCR showed that exposure to alcohol could issue in downregulation of AMPK, PPAR-a and CPT-1 mRNA expressions (Fig. 6, (Fig. 8 and 9 , p < 0.05). However, PO administration (100, 200 and 400 mg kg À1 ) were signicantly increase the protein level of AMPK, PPAR- 
Discussion
When alcohol enters into the organism, 90-98% of it is metabolized in liver. Excessive alcohol challenge results in irreparable hepatotoxicity and even death. Alterations of serum enzymes and hepatic histopathology can visually reect physiological status of liver. Serum ALT, AST, ALP and LDH are particular biochemical indicators applied to assess liver function. Under the normal conditions, ALT, AST, ALP and LDH mainly spread in the liver cells, but they will be released into the bloodstream when hepatocytic membrane is attacked by exogenous poisons. 30 Consequently, the augments in serum ALT, AST and ALP activity oen signify possible liver injury, and the elevated LDH, a glycolytic ferment, implies acute hepatitis. In our present study, administration of alcohol to the rats led to hepatic toxicity as evidenced by an apparent ascension in serum ALT, AST, ALP and LDH compared to control group, which was in congruent with previous reports. 31 Nevertheless, PO pretreatment could reverse these elevated trends, indicating its improvement in liver disorders. Alcohol also caused severe disruption to the hepatic structure, produced fat vacuoles and stimulated edema and diffusive inltration of inammatory cells. However, PO could signi-cantly rehabilitate liver cellularity with explicit lobule and sinusoid, while diminish inammatory inltration and focal necrosis. It is revealed that PO might possess potent capacity against ethanol-induced liver damnication.
As a compensatory mechanism, oxidative stress is in a pivotal position of ethanol-caused hepatic lesion.
32 Alcohol consumption increases the activity of CYP2E1 which accelerates the metabolism of alcohol and the formation of acetaldehyde. 33 This catalytic activation of CYP2E1 enzyme requires molecular oxygen, along with generating a large quantity of harmful compounds-ROS.
34
ROS can impair respiratory chain and DNA synthesis, increase the production of fatty substances and further destabilize the balance between oxidation and anti-oxidation. 35 GSH, an endogenous antioxidant, can effectively capture superoxide and hydroxyl radicals to build up defenses against oxidative stress.
36
The level of GSH represents the anti-oxidant ability of liver, but it can be oxidized as GSSG when being exposed to alcohol. 37 The GSH and GSSG pair is an important actuator for redox equilibrium and homeostasis of GSH/GSSG plays a key role in maintaining liver stability. 38 Once GSSG overproduces, antioxidase GR will rapidly convert it into GSH. SOD is an indispensable antioxidant enzyme participating in detoxication processes of excessive alcohol intake.
34 SOD is the natural predator of oxyradicals, able to scavenge ROS and thus protect the liver from inammation. 39 In this study, pretreatment with PO could reverse the reduction in hepatic antioxidant GSH and antioxidative enzymes GR, SOD as well as GSH/GSSG ratio. Moreover, PO could also suppress the accumulation of ROS and decrease the protein and mRNA expressions of CYP2E1. It suggested that activating antioxidant system to counteract oxidative stress might ascribe to the protective effect of PO against alcoholic injury.
Recent research have found that alcohol might interfere with hepatic lipid metabolism, leading to hepatic lipid accumulation and ultimate steatosis. AMPK and SREBP-1c are associated with lipometabolic process and are able to regulate fatty acid biosynthesis. 40 AMPK is a central component of protein kinase, which harmonize lipid and glucose in liver. 41 Activated AMPK functions as a sensor of energy status that can coordinate anabolic metabolism and catabolism. 42 However, when exposed to alcohol, the effect of AMPK signaling pathway on preventing steatosis might be weakened and steatosis would aggravate by ROS. 43 Thus, AMPK provides an especially promising pharmacological target for ALD treatment. Reduced AMPK also causes a decrease in its downstream, PPAR-a and CPT-1, which are widely expressed in adipose liver. 44 PPAR-a, a member of the nuclear hormone receptor family, is able to regulate hepatocellular fat formation. It has been elaborated that PPAR-a-knockout mice developed severe metabolic disorders and lipid aggregation aer alcohol feeding. 45, 46 CPT-1, a central enzyme, can accelerate fatty acids crossing into mitochondrial inner membrane and activate rapid fat oxidation process. 47 Excessive amount of alcohol severely prohibits CPT-1 gene and protein expression, which is strongly linked with hepatic lipidosis.
48 PPAR-a and CPT-1 jointly established a protective barrier, contributing to alleviate fatty liver and reduce FFA delivery. In this experiment, we demonstrated that excessive alcohol could markedly lower the hepatic expressions of AMPK, PPAR-a and CPT-1, implying extensive cell lipid storage. These trends, however, were signi-cantly reversed by PO supplement that implied PO exerting potent therapeutic efficacy on ethanol-induced liver failure.
SREBP-1c is able to impair glycolipid balance and induce lipogenesis via regulating lipid metabolic enzymes in hepatocytes. As shown in previous evidence, it can be up-regulated by highly expressed TNF-a, further inducing necrobiosis lipoidica. 6, 49 Alcohol consumption can stimulate Kupffer cells to generate ROS and subsequently activate NF-kB pathway, bringing on a high expression of TNF-a.
50,51 Therefore, once TNF-a is inhibited, it could completely block the development of ethanol-induced hepatotoxicity.
52,53 FAS and SCD-1, target genes of SREBP-1c, plays an important role in controlling the synthetic rate of FFA and TG. 54, 55 It has been reported that inhibiting FAS and SCD-1 could markedly improve ethanolinduced fatty liver. 56 According to our ndings, alcohol exposure distinctly increased both mRNA and protein expressions of SREBP-1c, NF-kB p65, FAS and SCD-1 and subsequently elevated the levels of TNF-a, FFA and TG. As expected, PO pretreatment could potently regulate these upward trends, suggesting that PO had protective effect against ethanol-induced liver injury via preventing lipogenesis.
The interaction between oxidative stress and lipid metabolism on ethanol-induced hepatotoxicity has been investigated in this study as well. Results indicated that oxidative stress could triggered metabolic dysfunction by impacting ROS activation. Our previous study has reported that PO possesses antioxidant and anti-inammatory ability. 23, 24 Recent pharmacological research has also proved n-hexane extractive from Pogostemon patchouli could effectively protect liver against alcoholic injury via modulating the extent of lipid peroxidation and augmenting the antioxidant defense system. In this experiment, the satisfactory protection of PO was rst elucidated in the liver injury of rats through raising antioxidant enzyme activity, depressing inammatory reaction and averting lipid deposition, which was coordinated with predecessors's discoveries. Being a common food-stuff additive with valuable therapeutic effect, PO may be a potential candidate for preventing ethanol-induced liver damage.
According to our GC ngerprint, PO contains abundant sesquiterpenoids including patchouli alcohol, a-guaiene, seychellene, a-patchoulene and b-patchoulene. Patchouli alcohol comprises 41.993% and serves as the major constituent of PO. It has been reported that patchouli alcohol has various pharmacological activities, including anti-oxidation by inhibiting ROS accumulation 57 and inammation via suppressing NF-kB signaling pathway. 58, 59 Based on the hepatoprotection of PO, we speculate that patchouli alcohol might act as the main active ingredient to play a protective role in liver injury. As a result, we will keep on exploring this active component of PO on ethanolinduced hepatic damage in future study.
Conclusion
PO possessed a potent therapeutic effect on ethanol-induced liver injury, as evidenced by relieving oxidative lesions through inhibiting ROS production, and preventing fatty degeneration through accelerating adipose metabolism. This study provided an original perspective that PO was a functional natural agent for the treatment of ethanol-induced liver damage. However, more extraneous experiments are required to further elucidate the hepatoprotective molecular mechanisms of PO and the active ingredients of PO will be explored in ethanol-induced hepatic damage in future study.
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